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Abstract 

In this research an expert system for automated detection of abnormality of electrocardiogram (ECG) signal is developed. For this purpose, an off-line data acquisition system from paper based ECG records is developed by using image processing techniques for the future development of an Indian standard ECG database. Binarization is done for conversion of TIFF formatted gray tone image to two-tone binary image with the help of histogram analysis, which almost removes the background noise (e g  gridlines of ECG papers). The rest of the dotted noises are removed by runlength smearing technique. Thinning is also done to avoid the repetition of co-ordinate information in the dataset. The pixel-to-pixel co-ordinate information is extracted and calibrated using prior information and converted into ASCII data-file. The present database contains 100 normal and 100 diseased subjects. Out of the diseased 100 patients, 55 patients have Myocardial Infarction (MI) and the remaining patients have Myocardial Ischemia. This work is reported in the paper I of original paper list which is given in page (iv) of this thesis. The 2nd chapter is prepared on the basis of this topic.    

The developed ECG database is further processed for removal of six different types of noises that can  corrupt the ECG signals.  All the noises are simulated and removed by digital FIR filters with the help of a software package Cool Edit Pro offered by Syntrillium Software Corporation. This is done to get a realistic situation for the algorithm and also to get greater accuracy in time-plane features detection. 

In the next step, different time-plane features of ECG signals, which are important for ECG interpretation and classification, are extracted. At first, the R-R intervals (QRS complex) are detected using square derivative curve of ECG signal. Base-line is also detected for accurate detection of P wave and ST segments. Standard assumptions are used for detection of baseline, T waves and ST segments region.  P wave is detected from the first derivative of the samples. Depending on the zero-crossings and shape of the signal, a syntactic approach is used for detection of P QRS and T waves. The accuracy level for QRS was 99.4%, for T waves was 96.7% and for P waves 92.2%. The QRS or R-R interval detection part is reported in paper IV whereas the noise removal and the other features extraction methods are reported in VI and IX. The 3rd chapter of the thesis is prepared on the basis of these papers. 

Frequency plane analysis is also done for extracting frequency plane features, which plays an important role for heart disease categorization. Both amplitude and phase properties are achieved which are established into ‘if-then’ rule-base for disease classification. This part of the work is described in the 4th chapter of the thesis and is reported in the papers II, III, V and VIII. 

A rule based rough-set decision system is also developed from time-plane features using the most popular rough-set software toolbox ROSETTA.  An accuracy of 100% for normal and MI patients for both trained and untrained samples are achieved where as for ischemic patients 100% and 95.8% accuracy obtained for trained and untrained samples. This portion is reported in papers VII and X. 5th chapter of the thesis is prepared on the basis of this work.   
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